Introduction
Acylation of alcohols is a fundamental and important organic reaction; that has been frequently used for the protection of alcohols in both simple and complex molecules. Although many acylation methods are already known, a new and more efficient method is required.
1 Recently, we reported the selective fluorination of alcohols using a new fluorination reagent, N,N-diethyl--difluoro-m-methylbenzylamine (DFMBA). 2 In the reaction, a relatively high temperature was required (>100 °C), and at a lower temperature, a significant amount of an ester (2) derived from alcohol (1) and DFMBA was formed as a by-product. From these results, it can be presumed that the formation of adduct (4) in the reaction of 1 and DFMBA is fast, but the subsequent fluorination step is slow and 2 is formed by quenching 4 with water. Therefore, we applied -difluoroalkylamines for acylation of the alcohols by carrying out the reaction under mild conditions (Scheme 1). Scheme 1. Reaction mechanism in the fluorination of alcohols with DFBA 2. Results and discussion
Benzoylation of alcohols with DFBA
As an acylation reagent, N,N-diethyl--difluorobenzylamine (DFBA) 2d,3 was used instead of DFMBA because it reacts with alcohols to afford benzoyl esters. Initially, the reaction of DFBA with 1-decanol (1a) was examined (Table 1) . When the reaction was carried out at 0 °C for 30 min using 1.1 eq of DFBA to 1a, decyl benzoate (2a) was obtained in 72% yield without the formation of decyl fluoride (3a). At 20 °C, the yield of 2a increased to 77%, but the formation of 3a (5%) was also observed. At 40 °C, a significant amount of 3a (22%) was formed. These results suggested that the fluorination of 1a proceeds at temperatures higher than 0 °C and can be prevented by carrying out the reaction at temperatures below 0 °C. Consequently, 2a could be obtained in 97 % yield without the formation of 3a by carrying out the reaction at 0 °C using 2 eq of DFBA. The benzoylation of 4-tert-butylphenol (1b) and cyclododecanol (1c) is slow, and a higher reaction temperature (20-40 °C) was required. However, the fluorination of these substrates is non-feasible or slower than that of 1a, and the corresponding benzoate (2b) or (2c) was obtained without the formation of the fluoride (3b) or (3c) under these conditions. 
Mono-benzoylation of diols
Selective mono-benzoylation of diols is useful in organic synthesis, and many methods have been reported. 4 In the fluorination of 1,2-and 1,3-diols with DFMBA, selective mono-fluorination occurred through a cyclic intermediate and acylated fluorohydrins were obtained.
2c Therefore, we applied DFBA to the selective mono-benzoylation of diols. 5 When prim-diols were used, the reaction was completed at 20 °C and the corresponding mono-benzoylated products were obtained in good yields (Entries 1-4 in Table 2 ). With cyclic diols, the reaction was carried out at 40 °C to afford mono-benzoates in good yields (Entries 8-10). The reaction of DFBA with diols is fast and is applicable to the mono-benzoylation of less-reactive catechol and the sterically hindered pinacol (Entries 7 and 11). Even when 2 eq of DFBA to the diols was used, mono-benzoates were obtained selectively (Entries 6-11). Furthermore, from the isolated mono-benzoate (6j), the di-benzoate (7j) was obtained in good yield under the mono-benzoylation conditions (Entry 12).
Scheme 2. Reaction mechanism in mono-benzoylation of diols with DFBA Therefore, the selectivity observed in the mono-benzoylation of diols with DFBA is not attributed to the steric hindrance generated in the second benzoylation but to the reaction mechanism that includes a cyclic intermediate. 8 As in the case of the fluorination reaction of diols with DFMBA, a cyclic amide acetal (8) must be initially formed in the reaction of diol 5 with DFBA. 2c The amide acetal 8 exists stably under the conditions and changes to mono-benzoate 6 upon the addition of water while excess DFBA is decomposed to inert N,N-diethylbenzamide by the addition of water. Therefore, the benzoylation of 6 to di-benzoate 7 scarcely occurred during the reaction, and 6 was obtained selectively (Scheme 2). Next, we examined the regioselectivity in the benzoylation of unsymmetrical diols. With 1,3-butandiol (5l) having prim-and sec-alcohol, regioselectivity was not observed, and 3-hydroxybutyl benzoate (6l) and 4-hydroxybut-2-yl benzoate (6l') were obtained as a 1:1 mixture. On the other hand, in the reaction with 4-methyl-2,4-pentandiol (5m) having sec-and tert-alcohol, the benzoylation selectively occurred at sec-alcohol to afford 4-hydroxy-4-methylbut-2-yl benzoate (6m) in 83% yield (Scheme 4). 
Acylation of diols with various -difluoroalkylamines
As various difluoroalkylamines can be prepared from amides in two steps, 3 the presentmono-benzoylation reaction of diols can be extended to other acylation reactions. The selective mono-nicotinylation, formylation, and pivaloylation as well as 3-methylbenzoylation of diols were achieved by using
, and DFMBA as shown in Table 3 . Table 3 . Acylation of diols with various -difluoroalkylamines a a If otherwise not mentioned, the reaction was carried out in CH 2 Cl 2 at 20 °C for 0.5 h using 1.1 eq. of difluoroalkylamine to substrate.
b Isolated yield based on substrate used. In parentheses, yield of diacylated product. c 2 eq. of difluoroamine to substrate was used.
d The reaction was carried out at 40 °C.
Conclusion
The selective mono-benzoylation of 1,2-or 1,3-diols was achieved by using N,N-diethyl--difluorobenzylamine (DFBA). The reaction was completed under mild conditions in a short reaction time, and prim-, sec-, and tert-diols and catechol could be converted to the corresponding mono-benzoates. It was shown that the reaction proceeded through a cyclic amide acetal. The selective mono-nicotinylation, formylation, and pivaloyation of diols were also performed by using the corresponding difluoroalkylamines.
Experimental

General
The IR spectra were recorded using a JASCO FT/IR-410. The 1 H NMR (400 MHz), and 13 C NMR (100 MHz) spectra were recorded in CDCl 3 on a JEOL JNM-A400II FT NMR and the chemical shift, , were referred to TMS. The EI and ESI high-resolution mass spectra were measured on a JEOL JMS-T100GCV.
DFMBA was donated from Mitsubishi Gas Chemical Company, INC. DFBA, N-(difluoromethyl)morpholine,
and N-(1,1-difluoro-2,2-dimethylpropyl)pyrrolidine were prepared according to the previously reported procedures.
3
N-(Difluoro(pyridin-3-yl)methyl)-N,N-diethylamine was prepared from N,N-diethyl
nicotinamide according to the literature (bp 52-54 °C / 0.1 mmHg). 3 They were stored in a Teflon bottle under N 2 . The small scale reaction can be carried out using glasswares, but use of Teflon wares is recommended.
Benzoylation of alcohols with DFBA
Decyl benzoate (2a)
11
To a CH 2 Cl 2 solution (3 mL) of DFBA (199 mg, 1.0 mmol) was added at 0 °C under N 2 atmosphere 1a (79 mg, 0.5 mmol), and the mixture was stirred at 0 °C for 30 min. Then, the mixture was poured into sat. aq NaHCO 3 (20 mL) and extracted with diethyl ether (20 mL X 3). The combined organic layer was dried over MgSO 4 
4-tert-Butylphenyl benzoate (2b)
The reaction was carried out as in the case of 4.2.1. using DFBA (199 mg, 1.0 mmol) and 1b (75 mg, 0.5 mmol) at 20 °C for 3 h. Purification by column chromatography (silica gel/hexane:Et 2 O = 10:1) gave 2b (93 mg) in 73% yield; white solid. mp 78 °C (lit. 12 13 The reaction was carried out as in the case of 4.2. 14 To a CH 2 Cl 2 solution (3 mL) of DFBA (111 mg, 0.55 mmol) was added at room temperature under N 2 atmosphere 5a (31 mg, 0.5 mmol), and the mixture was stirred at 20 °C for 30 min. Then, the mixture was poured into sat. aq NaHCO 3 (20 mL) and extracted with diethyl ether (20 mL X 3). The combined organic layer was dried over MgSO 4 and concentrated under reduced pressure. The yield of 6a was determined by 1 H NMR using 1,4-dimethoxybenzene as an internal standard (84%) and the yield of dibenzoate was determined by GC (5%). Pure 6a was obtained by column chromatography (silica gel/hexane:EtOAc = 2:1); IR (neat) 3424, 2952, 1719, 1277 cm -1 . 14 The reaction was carried out as in the case of 4.3.1. using DFBA (110 mg, 0.55 mmol) and 5b (38 mg, 0.5 mmol) at 20 °C for 3 h. The yield of 6b (82%) was determined by 1 H NMR using 1,4-dimethoxybenzene as an internal standard. Pure 6b was obtained by column chromatography (silica gel/hexane:EtOAc = 2:1); IR (neat) 3416, 2960, 1718, 1277 cm 
Cyclododecyl benzoate (2c)
mono-Benzoylation of diols
2-Hydroxyethyl benzoate (6a)
3-Hydroxypropan-1-yl benzoate (6b)
{1-(Hydroxymethyl)cyclopropyl}methyl benzoate (6d)
The reaction was carried out as in the case of 4.3.1. using DFBA (110 mg 
(2S, 3S)-Diethyl 2-benzoyloxy-3-hydroxybutandioate (6e)
The reaction was carried out as in the case of 4.3.1 using DFBA (110 mg, 0.55 mmol) and 5e (103 mg, 0.5 mmol) at 40 °C for 30 min. After the reaction, THF (3 mL) and 1M HCl (3 mL) were added and the mixture was stirred at 20 °C overnight. Then, the mixture was poured into sat. aq NaHCO 3 (20 mL) and extracted with diethyl ether (20 mL X 3). The combined organic layer was dried over MgSO 4 and concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane:EtOAc = 1:1) gave 6e (110 mg) in 71% yield; white solid. mp 51-53 °C (lit. 16 17 The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5f (45 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 6f (88 mg) in 89% yield; IR (neat) 3443 18 The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5g (59 mg, 0.5 mmol) at 20 °C for 1 h. Purification by column chromatography (silica gel/hexane:EtOAc = 3:1) gave 6g (95 mg) in 86 % yield; IR (neat) 3439, 2988, 1714, 1287 cm 19 The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5h (58 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 6h (101 mg) in 92% yield; IR (neat) 3469, 2939, 1716, 1279 cm -1 . 19 The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5i (51 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 6i ( 
(2R, 3R)-3-Hydroxybutan-2-yl benzoate (6f)
3-Hydroxy-2,3-dimethylbutan-2-yl benzoate (6g)
cis-2-Hydroxycyclohexyl benzoate (6h)
cis-2-Hydroxycyclopentyl benzoate (6i)
cis-2-Hydroxycyclododecyl benzoate (6j)
The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5j (100 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 6j (144 mg) in 95% yield; white solid. mp 111 °C (lit 20 
2-Hydroxyphenyl benzoate (6k)
The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5k (55 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 3:1) gave 6k ( 
cis-1,2-Dibenzoyloxycyclododecane (7j)
The reaction was carried out as in the case of 4.3.6. using DFBA (199 mg, 1.0 mmol) and 6j (152 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 5:1) gave 7j ( 
(4S, 5S)-Diethyl 2-(diethylamino)-2-phenyl-1,3-dioxolane-4,5-dicarboxylate (8e)
To a CH 2 Cl 2 solution (3 mL) of DFBA (199 mg, 1.0 mmol) was added at 20 °C under N 2 atmosphere 5e (206 mg, 1.0 mmol), and the mixture was stirred for 10 min. Then, the mixture was poured into sat. aq NaHCO 3 (20 mL) and extracted with diethyl ether (20 mL X 3). The combined organic layer was dried over MgSO 4 and concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane:Et 2 O = 2:1) gave 8e (112 mg) in 31% yield. To a THF solution (3 mL) of 8e (112 mg, 0.31 mmol) was added 1 M aq HCl (3 mL) and the mixture was stirred at 20 °C overnight. The mixture was poured into sat. aq NaHCO 3 (20 mL) and extracted with diethyl ether (20 mL X 3). The combined organic layer was dried over MgSO 4 and concentrated under reduced pressure. Purification by column chromatography (silica gel/hexane:EtOAc = 1:1) gave 6e (54 mg) in 88% yield. 8e; IR (neat) 2981, 1748, 1117 cm -1 . 
3-Hydroxybutyl benzoate (6l)
22 and 4-hydroxybut-2-yl benzoate (6l') 22 The reaction was carried out as in the case of 4.3.6 using DFBA (149 mg, 0.75 mmol) and 5l (45 mg, 0.5 mmol) at 0 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 1:1) gave a mixture of 6l and 6l' (77 mg) in 79% yield (inseparable). From 1 H NMR spectra, 6l and 6l' were found to be formed in 1:1 ratio; 23 The reaction was carried out as in the case of 4.3.1. using DFBA (199 mg, 1.0 mmol) and 5l (59 mg, 0.5 mmol) at 20 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 6m (92 mg) in 83% yield. IR (neat) 3480, 2975, 1714, 1281 The reaction was carried out as in the case of 4.3.6 using 2.0 eq of DFBA (199 mg, 1.0 mmol) at 40 °C for 30 min. The yields of 10 (34%) and 11 (38%) were determined by The reaction was carried out as in the case of 4.3.6 using DFBA (120 mg, 0.6 mmol) and 12 (141 mg, 0.5 mmol) at 40 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 13 (104 mg) in 54% yield and 14 (35 mg) in 18% yield, and 15 (15 mg 
cis-2-Hydroxycyclodocecyl formate (18)
The reaction was carried out as in the case of 4.3.1. using N-(difluoromethyl)morpholine (75 mg, 0.55 mmol) and 5j (100 mg, 0.5 mmol) at 20 °C for 30 min. Purification by column chromatography (silica gel/hexane:EtOAc = 2:1) gave 18 (93 mg) in 82% yield; IR (neat) 3379, 2947, 1727, 1200 cm -1 . 1 H NMR  8.14 (s, 1H), 5.21 (t, J = 6.1 Hz, 1H), 3.90-3.88 (m, 1H), 1.79-1.35 (m, 20H). 13 
